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(54) Non-invasive testin g 

(57) A method of detecting the concentration of a 
constituent of interest in a sample in a liquid carrier 
comprising the steps of illuminating a sample with a 
light source (10), splitting the beam reflected or trans- 
mitted from said sample into at least two parts, directing 
one part of said beam onto a first detection means and 
a second part of said beam onto a second detection 



means, said second detection means being arranged to 
provide an output which is a measure of the background 
component in the beam from the sample and the output 
of said first and second detection means being paired 
so as to obtain a background corrected measurement of 
the concentration of the constituent of interest. 
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Description 

Backgroun d of the Im/enfinn 



lOOOIJ The present invention concerns the testing for 
constituents of interest using radiation, preferrably near 
infrared radiation. More particularly, an apparatus and a 
method of testing for constituents such as glucose 
alcohol, drugs of abuse or other materials in a non-inva- 
sive manner have been developed. These metiiods are 
particularly well adapted for use in the home glucose 
testing market since ttiey do not require a finger punc- 
ture to obtain a separable blood sample but rather can 
be utilized without bodily invaaon. 
[0002J Devetopment of non-invasive testing method 
has become an important topic in tfie last several years. 
The spread of acquired immunodeficiency disease syn- 
drome (AIDS), and the associated fear among public 
and healthcare personnel of AIDS has made many peo- 
ple afrakJ of invasive procedures. "Invasive procedures." 
as used herein are procedures where a sample such as 
Wood is taken from the body by puncfejre or other ertry 
into tfie body before analysis, while non-invasive proce- 
dures do not require bodily penetration. Not only can 
_ diseas^ such^ A^^^^ 

dures if proper precautions are not followed, hepatitis 
and other similar blood diseases are more common 
problems in tills type of testing. For exanple. a recent 
article. "Nosocomiel ti-ansmission of Hepatitis B virus 
associated with the use of a spring-loaded finger-stick 
device," fslew England Journal of Medicine 32fi (i i) 
721 -725 (1 992). disctosed a mini-hepatitis epidemic in a 
hospital caused by the improper use of an instrument 
for taking blood samples. The nurses were unintention- 
ally transmitting hepatitis from one patient to anotfier 
witfi ttie sampling device itself. This type of disease 
transfer is eliminated with non-invasive testing. 
[0003] TTie diabetic population has also been clamor- 
ing for non-invasive test instruments. Many diabetics 
must test their Wood glucose levels four or more times a 
day. The modern battery powered instruments for home 
use require a finger prick to obtain tfie sample. The 
extracted blood sanple is then placed on a chemically 
treated canier which is inserted into tfie instrument to 
obtain a glucose reading. This finger prick is painful and 
can be a problem when required often. In addition 
although tfie price has dropped considerably on tfiese 
insti-uments, the cost for tfie disposables and the mess 
and hearth risks associated with having open bleeding 
is undesirable. 

100041 Accordingly, a number of groups have recentiy 
tried to make non-invasive Inshuments for testing a vari- 
ety of analytes. particulariy glucose A recent trend in 
non-invasive testing has been to explore tfie use of tiie 
near infrared spectral region (700-1100 nm). This 
region contains ttie tfiird overtones for tfie glucose 
specb-um and eliminates many of tfie water bands and 
otfier inference bands that are potential problems for 
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detection. Havever. tfiis woric has been earned out 
using classic spectrophotometi^ic methods such as a set 
of nan-ow wavelength sources, or scanning spectropho- 
tometers which scan wavelengtfi by wavelengtfi across 
a broad specfrum. The data obtained from these meth- 
ods are spectia which tfien require substantial data 
processing to eliminate background; accordingly tfie 
papers are replete witfi data analysis techniques utilized 
to glean tfie pertinent irifpfmation. Exair^les of ttiis type 
of testing includes the work by Clarke, s^ United 
States Patent Na 5.054,487; and primarily tfie work by 
Rosentfial et al.. see. e.g.. United States Patent No 
5.028.787. AHhough the Clarke vwork uses reflectance 
spectia and tfie Rosenthal work uses primarily trans- 
mission specti-a, botfi rely on obtaining near infrared 
specb'ophotometric data. 

[0005] One problem writfi using these types of meth- 
ods is tfiat spectrophotometers were conceived prima- 
nly for accurate determination in terms of wavelengtfi of 
tfie spectiBi sti-uchire, ratfier tfian for discriminating tfie 
presence of weak broadband features in strong broad- 
band backgrounds. Since in non-invasive testing for glu- 
cose and otfier materials the primary information sought 
IS ttie concenti-ation, tiiose u sing spectrophotometf-ic _ 
25- metfiods here had to resort to using a nurnber of unsat- 
isfactory analysis technkiues to suppress unwanted 
interferences and to calculate tfie amplitude of tfie sia- 
nal. ^ 

[0006] The Rosenthal United States Patent No 
5.028.787 (the Rosentfial 787 Patent) illusto-ates tfiis 
type of analysis technique for glucose testing using near 
infrared spectrophotometric metfiods. 
[0007] First.ascanismadeof I/, vs. wavelengtfi and 
ttie raw data is analyzed. Figure 1 of tfie present appli- 
cation IS just such a plot, taken from tfie Rosentfial 787 
Patent. Rosenthal takes the data developed from tfiis 
scan and analyzes It using first and second derivative 
equations in an attempt to obtain meaningful informa- 
tion. Additional patents and articles by Rosentfial. Cav- 
inato. and otfiers have used similar techniques for 
determinations of levels of fat. etfianol. and other con- 
stituents of interest in a variety of samples. 
IP008] However, all tfiese techniques are dependent 
on tfie discrimination of tfie spectrophotometric data 
obtained. No form of data analysis can add to tfie initial 
information gathered; it can only put tfie measured infor- 
mation in a form which deemphasizes certain items of 
interference arising from tfie background or otfier con- 
stituents which make analysis of tfie sample difficult A 
better solution to tfie problems of interference in broad- 
band spectiB is rather to obtain different raw data by 
measuring different aspects of tfie phenomenon 
W009J As noted. Rgure 1 is a plot of I/, vs. wavelength 
taken using a scanning specb-ophotometer. The scan- 
ning spectrophotometer takes a series of discrete sin- 
gle wavelengtfi intensities and presents ttiem as a 
foncton of time to obtain tfie spectrum. A plurality of 
high resolution features are necessary to obtain mean- 
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ingful information. However, the spectra of analytes of 
present interest do not include the large high resolution 
structures of classical infrared spectroscopy but rather 
have a few low resolution features with much of the 
information contained in the intensity. As such, these 
spectra appear more like the reflection spectra of 
colored objects in the visible region. A detection device 
optimized for analysis of this type of spectra would pro- 
vide better discrimination. 

[0010] Human vision is a incompetent spectrophotom- 
eter but is superb at the subtlest color discrimination 
and identification even under greatly varying illumina- 
tion. The present invention measures or obtains the raw 
data in the infrared in a manner more similar to tiie way 
the eye performs in the visible, than classic spectropho- 
tometric measurements. While visual perception is very 
complex and not completely understood, one approach 
suggested is the obtaining and processing of the raw 
data as closely as possible to the known aspects of 
color perception, utilizing a succession of steps or 
processing levels. Each step itself provides a useful 
product and succeeding steps represent products of 
greater capability. 

[00111 The first step is the analog of cdorimetry. 
Colorimetry is rujmerlcal color communication. This 
numeric approach uses three dimensions to describe 
the color. There presently are several such tiiree dimen- 
sions spaces in use. One of these three dimensional 
spaces is the CIE 1931 (x.y)-chromaticity diagram (See 
Fig. 2). Luminosity, ttie third dimension, is not shown in 
Fig. 2. It is tiie trivariant nature of color vision that per- 
mits color to be specified in a three dimensional space. 
[0012] Another three dimensional space is repre- 
sented in Figure 3. A plot is made of hue. chroma and 
value and is shown as a tiiree dimensional solid. These 
three numerical values can be used to specify any per- 
ceived color. 

[001 3] It is most important to note tiiat although it Is 
convenient to describe color In terms of a colorimetry, 
this is not color perception. Color perception is much 
more complex. However calorimetry is useful for color 
matching under specific conditions. An analog of calor- 
imetry, particularly one in the infrared region, would 
show similar usefulness in determining analyte concen- 
tration. 

[001 4] There are commercially availat)le calorimeters 
in the visible for measuring tristimulus values in terms of 
luminosity, hue and saturation. Briefly, these calorime- 
ters use three detectors, with each detector Input being 
filtered with a different filter function. Each of the filter 
functions is chosen to be similar to tiie three absorption 
spectra of the pigments of tiie tiiree color receptive 
cones of the human retina. However, it appears no one 
has used, or even considered the use. of an analog of 
color perception for concentration measurements or 
even applied the method of colorimetry to infrared 
measurements as described herein. 
[001 5] Similarly, noninvasive measurement of arterial 



oxygen saturation by pulse oximetry is widely acknowl- 
edged to be one of tiie most important technological 
advances in clinical patient monitoring. Pulse oximeters 
measure differences In tiie visible and near infrared 
5 absorption spectra of fully oxygenated and reduced 
hemoglobin in arterial blood. Unlike clinical blood gas 
analyzers, which require a sample of Wood from the 
patient and can only provide intermittent measurement 
of patient oxygenation, pulse oximetry provide continu- 
10 ous. and instantaneous measurement of blood oxygen 
levels. 

[0016] However, cun-ent commercial oximeters, and 
tfieir algorithms are inaccurate under conditions of low 
pulse pressure and/or low oxygen saturation. These 

IS severe conditions are observed in the normal unborn 
fetus. Unlike the transmission sampling of the commer- 
cial oximeters, space limitations associated with tiie 
fetus require that tiie spectral data be obtained by 
reflectance sampling. Reflectance sampling results In 

20 spectral data with a significantiy lower signal-to-noise 
ratios than obtained with transmission sampling. It has 
been suggested that a new analysis technique using 
multivariate calibration methods can improve the preci- 
sion, accuracy and reliability of quantitative spectral 

25 analysis. Even ttiese techniques are limited by the type 
of Input data. 

[001 7] Accordingly, an object to the invention is to pro- 
vide an apparatus which provides an analog of colori- 
metric detection units so as to allow the measurements 

30 of the concentration of a constituent of interest. 

[0018] Another object of the Invention Is to provide a 
method of measuring constituents of interest in a sam- 
ple, preferably in a non-invasive manner, which is accu- 
rate, inexpensive and quick using an analog of a 

35 colorimetric analysis. 

[001 9] Anotiier method of the invention is to provide a 
handheld insta^ument for glucose or drugs of atMjse 
measurement based on the application off colorimetric 
type measurements to the near infrared region. 

40 [0020] These and otfier objects and features will be 
apparent from the description and the accompanying 
drawing. 

Summary of tiie Invention 

45 

[0021] The present invention features an apparatus 
and method for the measurement of concentration of a 
constituent in a sarrple using reflectance or transmis- 
sion, particularly in the near infrared. The apparatus 
so and method of the present invention provide rapid, inex- 
pensive measurements of high accuracy and are partic- 
ularly adapted for non-invasive testing of tiie human 
body for constituents such as glucose or drugs of 
abuse. 

>5 [0022] In more detail, the invention provides an appa- 
ratus for measurement of tiie concentration of a constit- 
uent of interest which has absort)emce or reflectance 
bands in the visible or near infrared spectrum. The con- 
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stituent is in a sample which is illuminated by a light 
source that generates broad spectrum, preferably near 
infrared, radiation. Although a single light source is pre- 
fen-ed. in some embodiments multiple light sources can 
be used if the additive output of the light sources as a 
whole provides the requisite spectrum. 
[0023] The apparatus also includes a sample cham- 
ber for holding the sample during measurement The 
sample chamber can be arranged for non-invasive 
measurements of a portion of the human body such as 
a finger. The apparatus further Includes detection 
means in the form of a plurality of detector units. Each 
detector unit is responsive to a specific region of the iflu- 
minating radiation or spectrum. Each of the detector 
units have at least partial non-parallel overlapping 
regions of spectral response with at least one other of 
the detector units. In this manner, even in the region 
where the response of detector units overlap, each unit 
can provide some distinct information. The response 
from the detector units is the fomi of an output signal 
which IS then transmitted to analysis means for combin- 
ing and converting the output signal into a measure of 
the concentration of the constituent of interest. 
[0024] One key to the present invention is the realiza- 
tion that the detector unite ■ ..t^ .i^ f,^^^ ^ rcrpon- o 
to either transmitted or reflected radiation from the sam- 
ple which is in a fcjrm of an analog of the color response 
of the eye. The response of the eye is in terms of red 
green and blue sensors, the output of which are proc- 
essed by the neural net in the eye and by the brain to 
provide the perception of color. The simplest approxi- 
mation of color perc^tion for certain specific conditions 
IS colonmetry A near Infrared analog of colorimetry. 
using infrared rather than visible radiation, is proposed 
herein, as are the use of colorimetry for concentration 
measurements and improved analysis methods 
Accordingly, preferred embodiments of the invention 
have at least three detector units each having a spectral 
detection range centered about a diHerent portion of the 
selected spectrum but with response bands sufficiently 
wide that there is some overiap with at least one and 
preferably more than one. other of the detector units 
The detection means may also include a Wack^vhHe or 
luminosity detector which is responsive to entire spec- 
trum for which the other detector units have a spectral 
response. This Talack^irtiite" or luminosHy detector as 
used herein, is a detector like the other three that meas- 
ure intensity of the agnal photometrically in its spectral 
region of interest without perceiving the specificity of the 
wavelength, thereby showing the presence of a signal at 
one (or more) of the three other detectore. 
[00251 The second step in complexity is to more 
closely approach color perception by using computa- 
tional methods operating on the outputs of the detector 
units to emphasize the analyte with respect to the back- 
ground. As a start the conputational models of color 
vision that have been developed in the field of "artificial 
intelligence- for attempting to achieve machine color 
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vision will be utiGzed. 

The third step towards apprbadiing an analog 
Of human color perception is to feed the detector unit 
outputs into an artificial neural net asseniHed similarty 
to the neural organization or circuitry of the retina and 
color portions in the brain. Here we expect to achieve 
earning for the detection, quantification, and in particu- 
lar signal discrimination against background, with a 
smaDer conponent cost and small size 
[00271 Neural networi«. in the form of chips and other 
hardware, are presently available . Neural netvrorks (or 
nets) provide processing which is similar to the brain 
(albeit on a less complicated scale) and. as such can 
be "taught" to eliminate certain items of background 
[00281 The detector units can be selected to absoib 
only a partfcular broad band spectral region but more 
easily, standard silicon photocells can be used in con- 
junction with a series of broad bandpass filters The 
term "broad bandpass infrared filters", as used herein 
means filters that have a substantial half-width about a 
central wavelength. e.g.. specified wavelengths in the 
near^nfrared region, so as to pass significant amounts 
of radiation for several hundred nm about the central 
wav^ength. TTieusejrf broad bandpass flHers allows 
-significamresponsff"tair"whicffovali5^ 
[00291 The apparatus can be adapted for detection of 
many substances. Preferred constituents of interest 
include glucose and drugs of abuse. "Drugs of abuse " 
as defined herein, include not just classic drugs of 
abuse such as marijuana, heroin, cocaine, ampheta- 
mines, barbiturates and other hallucinogenic or mind 
altenng drugs, but also ateohol. For puiposes of the 
invention, it does not matter whether the glucose or 
drug of abuse is measured directly but rather solely that 
the measurement of the sample can be correlated to flie 
concentration of the constituent of interest. For exam- 
ple. It may be fliat the glucose is always correlated wifli 
the presence of a particular earner or other indicating 
constituent and the carrier or constituent is measured in 
addition to and/or instead of ttie glucose itself 
[0030] The invention also features a method for meas- 
uring the concentration of a constituent of interest which 
absorbs or reflects Rght. The method has the steps of 
Illuminating the sample with broadband spectrum pref- 
erably near infrared, radiation and detecting transmitted 
or reflected radiation from the sample. At least one sig- 
nal corresponding to ttie detected radiatkin is generated 
and analyzed to detennine the concertration of the con- 
stituent of interest The detecting step of the method 
includes impinging radiation transmitted or reflected 
from tfie sample onto a detection array which includes a 
plurality of detector units each of which is responsive to 
aspecificregionofthenearinfraredspectnjm. Thespe- 
cife spectral response from each detector unit partially 
overlaps, in a non^Daraflel manner, the response from at 
east one other detector unit. Preferably, there are at 
least three detection units, each of which has a peak 
spectral response in a separate portion of tfie near 



4 



PMsnnnirv »po 



EP0 967 478 A1 



8 



infrared spectrum. The analysis step using this type of 
detection array allows analysis such that the output is 
formed into an analog of a colorimetric (e.g.. tristimulus) 
values. The detector units may include broad bandpass 
filters to provide this spectral response and the detector 5 
an^ay may also include a blackAvhite detector unit such 
as has previously been described. In another aspect of 
the invention, the analysis may use an analog of a neu- 
ral network, paralleling the working, of the eye and 
brain. This neural net based apparatus may even be 10 
used for classic colorimetry measurements. 
[0031 1 The method of the invention is particularly well 
suited to non-invasive testing for constituent of the 
human body such as glucose, a glucose Indicator or a 
drug of atxise. The finger is the preferred region for a is 
sample for non-invasive testing. 
[0032] Another aspect of the invention is the use of 
paired detectors for referencing. In present non-invasive 
methods, there is no way to obtain a control reporting a 
"zero" concentration of the constituent of interest. How- 20 
ever, by using a simulating filter or a filter made of the 
same material as the analyte but which has a concen- 
tration of the constituent of interest that is much higher 
than that in the sample, changing amounts of constitu- 
ent in the sanrple merely cause a minor perturbation in 25 
the measurements from that "high concerrtration" refer- 
ence detector. It may also be possible to use a material 
with substantially identical at)sorbance (or reflective) 
characteristics in place of the high concentration filter. 
[0033] By using paired detectors with the "high con- 30 
centration" filter in front of one detector of the prior, one 
can obtain background measurements, unperturbed by 
the presence of the analyte to enhance discrimination. 
The term "paired detectors," as used herein means two 
or more detectors which are identical except for the high 35 
concentration filter. For example, there could be paired 
red analog detectors, paired green analog detectors 
and paired blue analog detectors, with the only differ- 
ence being the addition of the high concentration filter to 
one of each pair. This type of high concentration filter is 40 
not limited to use with the apparatus and methods 
described previously but has general applicability to any 
spectrophotometric system. 

[0034] The following detailed description and the 
drawing will more clearly delineate the invention. 45 

Brief Description of the Drawing 



[0035] 



so 



Figure 1 is a spectrum for non-invasive glucose 
testing taken from United States Patent No. 
5,028.787; 

Rgure 2 is a CIE 1931 chromaticity plot; 

Rgure 3 is a three dimensional plot of color in terms ss 

of hue, chroma and value; 

Figure 4 is a blue, green and red detector response 

vs. wavelength for a standard colorimeter, with a 



second scale of near infrared wavelengths as well 
as the visual wavelengths imposed on the X axis; 
Rgures 5A and 58 are variations of apparatus use- 
ful in the present invention; and 
Rgure 6 is a detection array useful in the present 
invention. 

Detailed Description of the Invention 

[0036] The present invention provides non-invasive 
procedures which can be used to test for glucose or 
other substances so long as the constituent of interest 
has absorption or reflectance bands in a selected, pref- 
erably, near infrared, spectrum. The apparatus and 
methods of the invention are based in part, on the rec- 
ognition that the present problems associated with 
attempting to conduct non-invasive measurements 
using near infrared radiation relate to the type of infor- 
mation which is obtained using spectrophotometers. 
Although using different analysis techniques can clarify 
what information has been obtained, these analysis 
techniques cannot generate optimum results If the 
underlying information obtained is itself not optimum. By 
applying an analog to colorimetry to concentration 
measurements . particularly forming a near infrared par- 
allel of tiie three different pigments of the cones of the 
retina, significant information can be obtained which 
relates to concentration. Since in color perception "color 
constancy" is maintained under extreme variations in 
illumination, tiie use of neural networks or digital com- 
putation to provide information in a manner more similar 
to the information processing of the eye-brain is pre- 
ferred. 

[0037] As noted previously, classic spectrophotomet- 
ric methods for non-invasive measurements require the 
use of complex, and not altogether successful, data 
handling techniques in order to obtain meaningful infor- 
mation. Figure 1 . which is a plot of wavelength versus I/I 
intensity made using a scanning spectrophotometer for 
a non-invasive determination of glucose, shows tiie 
prot)lem with the classic techniques. Rrst, the scan 
takes sufficient time that there is tiie possibility of a 
change in the test conditions during the scan. SecorKl. 
while spectrophotometric measurements in the near 
infrared region are useful when there are high resolution 
features so that the sut^tance of interest can be cleariy 
discriminated from other substances, tiiey do not work 
well unless the background and the features are sepa- 
rable. When glucose absorption bands are sought in the 
near infrared region, particularly using non-invasive 
techniques, only a few. low resolution features occur 
arxJ the spectrum, such as that shown in Figure 1 . This 
spectra most resemtsles the spectrum of a colored 
object. 

[0038] Figure 4 shows just such a color specti-um. with 
the red. green and blue detector responses of a coforim- 
eter. The information determined from a colorimetric 
measurements is often used to determine the absolute 
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color, and color differences of particular samples and 
their Uluminants. Portable, inexpensive colorimeters are 
avail^le in the market For example, Minolta makes a 
series of tristinnulus colorimeters including the Chroma 
meter xy-l and Chroma meter CL-100. These tristimulus 
colorimeters may be used alone or attached to a data 
processor such as the Minolta DP-100 to express chro- 
maticity readings in Yxy or YyV systems, color difference 
readings in terms of A(Yxy) or A(Yuv). luminescence, or 
black body temperatura These units can be used for 
either static or flickering light sources. Other instru- 
ments may be faster, i.e.. give even more readings per 
second. 

[0039] The Minolta colorimeters use silicon photocells 
which are filtered with red, green and blue broac^ss fil- 
ters. These filters cover a range from about 400-650 
nm. 

[0040] One aspect of the preserrt invention utilizes this 
type of colorimeter with its filters replaced with filters 
having similar transmission and absortjance shapes but 
in the near infrared rather than visual region. The lower 
indices on the x-axis of Figure 4, those designated near 
infrared, can be used for guidelines for analogous trans- 
mission spectra of filters for silicon photocells to obtain 
a sp^ jral response in jhe^n ear i nfrare d rather than vis- 
ual regiorv Itvthis vj^TaTiearTfrf^^ 
tristimulus values could be constructed. With such infor- 
mation and sufficient standards, non-invasive measure- 
ments of constituent of interest such as glucose could 
be carried out in the near Infrared region using substan- 
tially sinralar apparatus. 

[0041 1 Figure 5A shows one type of apparatus partic- 
ularly useful for non-invasive test of glucose using the 
methods of tiie present invention. A light source 10, 
which provides broad spectrum near infrared radiation 
(e.g., 700-1 100 nm), is used for iliuntination. One possi- 
ble light source is a tungsten-halogen bulb in a quartz 
envelope, filtered with a "heat shield" 20. if necessary, to 
provide only this wavelength range. A sample chamber 
30 is shown for insertion of a finger or other bodily part 
if measurements are going to made on a human or ani- 
mal body. If a non-body sample is to be used, for exam- 
ple an agricultural sanple. a different shaped sample 
chancer could be used in the same location. The heat 
shield 20. which is optionally placed between lamp 10 
and sample chamber 30. can be any material which will 
reduce the heat generated by tiie lamp 10 before if 
reaches sample chamber 30 without significantly 
degrading or absorbing the light generated from lamp 
10 in its measurement region. 

[0042] A detection array 40 is placed on the side of 
sample chamber 30 furthest from lamp 1 0 if a transmis- 
sion mode is being utilized or off to the side of lamp 10 
if a reflectance mode is being utilized. 
[0043] Source refererrce detectors 1 5 may be used to 
both measure the near infrared "color" of the source and 
guard against any change in source output. In some 
emtKXiiments. a paired detector arr^ 40' and a special 



filter 50 may also be used. Figure 5B shows the same 
apparatus as Rgure 5A except the paired detectors are 
present. The illumination transmitted from sample 
chamber 30 goes to beam sprrtter 60 then either directly 

5 to detector array 40 or through f flter 50 then to detector 
array 40*. Filter 50 is, preferably a filter containing the 
same constituent of interest as is in the sample but in a 
concentration which is much (e.g.. several order of mag- 
nitudes) higher. As such, filter 50 provides significant 

70 information concerning the background and the effec- 
tive sample thickness since the amount of the constitu- 
ent of interest in the sample ads merely as a negligible 
perturbation. This type of filter 50 is also useful for any 
otiier type of spectrophotometric analysis. The effective 

IS sample thickness or effective pathlength nnay also be 
corrected for by measuring the absorption of \he sample 
in a wavelength region dominated by the absorption of 
the liquid carrier; e.g., water. The light reflected or trans- 
mitted from the sample is split into two output beams, a 

20 first output beam which is incident on a first detector 
responsive to the wavelength of the sanple identifying 
bands, and the second output beam which is incident on 
a second detector primarily responsive to liquid earner 
absorption bands. This liquid carrier absorption meas- 

25 urement follows the same path as the sample indicating 
- — bandsr yields an effective pathlength conection factor. - 

[0044] Figure 6 shows one type of detection array 40 
which may be used in the present invention. This detec- 
tion array has four detector units, three which are fa- 
30 tared in such a way that they have different peak 
spectral response but some partial overlap of spectral 
response while the fourth detector constituents a 
tslackMiite detector. This black/white detector \s 
responsive to all vwavelengths in the infrared measure- 
35 ment region for which the other three detectors are 
responsive: tiiat is. it generates in output signal respon- 
sive to wavelengtiis which cause a response for any of 
the three other detectors. As such, it acts like the rods off 
the retina of the eye. 
40 [0045] The output from detector 40 (and detector 40* 
if used) is fed to analysis means 70. Analysis means 70 
can be a computer, hardwired logic circuits, or a neural 
network. In any case, this analysis means 70 converts 
the output signal from the detectors to a measure of 
45 concentration. 

[0046] Once tiie data from the detectors is obtained, it 
can be treated in a variety of ways. As noted previously, 
an an€dog of a colorimetric tristimulus values can be 
produced and calibrated against known glucose con- 
so centrations. Problems that may arise with this simple 
type of data analysis is tiiat calibration may be fre- 
quentiy required and may not be suff icientiy universal, in 
that it will lack the analog off "color constancy" as do all 
colorimeters. 

55 [0047] However, tiie data analysis from the system, 
can be improved to more closely approach color per- 
ception by digital computation or with the use of neural 
networks (neural nets). While artifk^ial neural networks 
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usually contain hundreds of interconnected neurons, 
this anaJog of color perception may only require atx>ut 
two dozen. 

[0048] What this artificial neural act attempts to simu- 
late are: 5 

1. The horizontal cells, which transmit signals hori- 
zontally from the rods and cones to the bipolar 
cells. 

2. The bipolar cells which transmit signals from the w 
rods, cones and horizontal cells to synapse with 
either amacrine cells or ganglion cella 

3. The amacrine cells which transmit signals in two 
directions, either directly from bipolar cells to gan- 
glion cells or horizontally among the axons of the is 
bipolar cells, the dendrites of the ganglion cells, 
and/or other amacrine cells. 

4. The ganglion cells which transmit output signals 
through the optic nerve to the brain. 

5. The interplexiform cells which transmit signals in 20 
the retrograde direction from the inner plexiform 
layer to the outer plexiform layer. The signals from 
these cells are all inhibitory. 

6. Brain cells associated with "blobs" which are 
believed to allow for color constancy 25 

7. Brain cells which enable binocular fusion of 
colors. That is. when the fovea of one eye is stimu- 
lated by homogenous red light and the fovea of the 
other eye is stimulated by homogenous green light 
the resultant binocular impression is the same as 30 
that of seeing yellow. 

[0049] The most inportant factor of using a neural net- 
work is the learning capacity of the network. Since the 
neural network can "learn", it may be calibrated a single 35 
time for the individual, or even have a universal calibra- 
tion at the factory, and still give consistent results over 
time. Learning in a neural net context is provkied by a 
change in the way of connections run from one ''neuron" 
to another. 40 
[0050] The foregoing description invention is meant to 
be explanatory only and not intended to be limited to the 
scope of the invention. 

[0051 ] Embodiments of the invention may include the 
features of the following enumerated paragraphs 45 
("paras*'). 

1. An apparatus determining the concentration in a 
sarnple of a constituent of interest which has 
absorption or reflectance t>ands in a selected so 
region of the spectrum comprising: 

a light source that illuminates said sample with 
broad spectrum radiation in said selected 
region; 55 

a sample chanter for confirming said sample 
during sakJ illumination; 



detection means in the form of a plurality of 
detector units, each of said detector units being 
responsive to a specify region of said spec- 
trum and having a partial overlapping region of 
spectral response with another of said detector 
units, said response from each detector unit 
being in the form of an output signal; and 

analysis means for converting saki output sig- 
nals into a measure of said concentration. 

2. The apparatus of para 1 wherein said selected 
region of said spectrum is the near infrared region. 

3. The apparatus of para 1 when said detector 
means comprises at least three detector units each 
having a spectral response region centered about a 
different portion of said spectrum. 

4. The apparatus of para 3 wherein said detector 
units each generate signals that are near infrared 
analogs of the color receptive elements in vision. 

5. The apparatus para 4 wherein said analysis 
means generates an output wNch is a near infrared 
analog of a location in a colorimetric three dimen- 
sional space. 

6. The apparatus of jaara 3 wherein said detection 
means further comprises a black/white luminosity 
detector which is responsive to and overlaps the 
near infrared spectral response of sakJ detector 
units. 

7. The apparatus of para 1 wherein said analysis 
means comprises an artificial neural network 

8. The apparatus of para 1 wherein each of sakj 
detector units comprises broad bandpass filters. 

9. The apparatus of para 1 wherein said detector 
units comprise silicon photocells. 

10. The apparatus of para 1 wherein said sample 
chamber is arranged for non-invasive measure- 
ments on a portion of a human body. 

11. The apparatus of para 10 wherein saki human 
body portion comprises a finger. 

12. The apparatus of para 10 wherein said constit- 
uent of interest is selected from the group consist- 
ing of glucose, and glucose indicating constituents. 

13. The apparatus of para 1 1 wherein said constit- 
uent of interest is selected form the group consist- 
ing of drugs of abuse, and drugs of abuse irxiicating 
constituents. 

14. The apparatus of para 1 further comprising a fil- 
ter unit which has an absorption at the same spec- 
tral bands of said constituent of interest the 
absorption of said filter unit corresponding to at 
least one order of magnitude greater concentration 
than the response of said constituent of interest. 

1 5. The apparatus of para 1 4 wherein said filter unit 
comprises a high concentration solution of said 
constituent of interest 

16. A method for measuring the concentration in a 
-sample of a constituent of interest which absorbs or 
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reflects light . said methcxJ comprising the steps of: 

Illuminating said sample with broad spectrum 
radiation: 

5 

detecting transmitted or reflected radiation 
from said sample; 

generating at least one signal corresponding to 
said detected radiation; and io 

analyzing said signal to measure the concen- 
tration of said constituent; 
wherein said detecting step Includes impinging 
the radiation transmitted or reflected from said is 
sanple onto a detection array which generates 
said signal, saki detection array including a plu- 
' rality of detector units each responsive to a 
specific region of the transmitted or reflected 
spectrum, the spectral response of each of said so 
detector units having partial and non-parallel 
overlap with the response of at least one other 
of said detector urnts. 

- .1.7.^- ThejTifithod, oL para JJS wherein ^at^least=three-= 25 
detection units are used in said detecting step, 
each detector unit having a peak spectral response 
in a separate portion of said spectrum. 

18. The method of para 17 wherein said analysis 
step comprises forming from the output a near 30 
infrared analog of a specific position in a three 
dimension colorimetric space. 

19. The method of para 16 wherein said detector 
units comprise broad t>andpass filters. 

20. The method of para 16 wherein said detecting as 
step further comprises the use of a black/white 
detector unit which is responsive to the entire spec- 
trum for which sakJ detector units have a spectral 
response. 

21. The method of para 16 wherein said analysis 40 
step comprises utilizing an artificial analog of a neu- 
ral network. 

22. The method of para 21 wherein said artificial 
neural network is calibrated and trained to process 
said signals to achieve an analog of color, con- 45 
stancy in vision. 

23. The method of para 16 wherein said method is 
used for non-invasive testing for a constituent in a 
human Ixxiy. 

24. The method of para 23 wherein said constituent so 
is related from the group consisting of glucose and 
glucose indicating constituents. 

25. The method of para 23 wherein said constituent 
is selected form the group consisting of drugs of 
abuse and drugs of ahuse indicating constituents. ss 

26. The method of para 23 wherein said sample 
comprises a finger. 

27. A method for improving bacl<ground discrimina- 



tion in a photometric system for detecting the con- 
centration of a constituent of interest in a sample 
comprising the steps of 

illuminating a sanple with a light source; 
splitting the beam rdlected or transmitted from 
said sample into at least two parts; 
directing one part of said beam onto a first 
detection means and a second part of saki 
beam onto a second detection means; and 
pairing the output of said first and second 
detection means to obtain a measure of the 
backgrourxj of said system in a dynamic man- 
ner, 

where said second detection means comprises 
a filter which has a spectral absorption at the 
same wavelengtfis as said constituent of inter- 
est except corresponding to a much higher 
concentration of said constituent of interest, 
whereby said constituent of interest has a neg- 
ligible effect on said second detector and the 
output of said second detector is used to dis- 
criminate said sample from saki background. 

28. -The.methodzOf^para^27^whereinrsaid filter com- 
prises a high concentration of said constituent of 
interest. 

29. The metiiod of para 27 wherein by the use of 
said second detection means, the system is a sut> 
stantially insensitive to variations in the irttensity or 
quality of said light source. 

30. The metiiod of para 27 wherein saki second 
detection means is optically insensitive to variations 
in concentration of said consituent of interest in said 
sample. 

31 . The method of para 27 wherein by the use of 
saki second detection means, the system is opti- 
cally sensitive to variations in said background. 

32. An apparatus to perform colorimetry using 
at>sorption or reflectance in a selected region of the 
spectrum comprising: 

a light source that generates broad spectrum 
radiation in said selected region; 

detection means in the form of a plurality of 
detector units, each of said detector units being 
responsive to a specific region of saki spec- 
trum and having a partial overlapping region of 
spectral response with another of said detector 
units, said response from each detector unit 
being in the form of an output signal; and 

analysis means in the form of a neural net for 
converting saki output signals into colorimetry 
values, 

whereby said apparatus provkles an output 
that more clearly approaches human color per- 
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ception. 

33. A method for cclormetric measures using trans- 
mittance or reflectance measurements comprising 
the steps of: s 

illuminating a sample with broad spectrum radi- 
ation; 

detecting transmitted or reflected radiation io 
from said sannple; 

generating at least one signal corresponding to 
said detected radiation; and 

15 

analyzing said signal to measure the concen- 
tration of said constituent; 
wherein said detecting step includes impinging 
the radiation transmitted or reflected from said 
sample onto a detection array which generates so 
said signal, said detection array including a plu- 
rality of detector units each responsive to a 
specific region of the transmitted or reflected 
spectrum, the spectral response of each of said 
detector units having partial and non-parallel 2S 
overlap with the response of at least one other 
of said detector units; 

and said analysis step is carried out using a 
neural net. 30 

34. The method of para 23 wherein said method is 
used to achieve substantial color constancy. 

35. A method of correcting for variations in the 
effective pathlength of a sample in a liquid carrier 3S 
having at least one spectral region in which the 
absorption of the liquid carrier dominates compris- 
ing the steps of 

illuminating said sample with an incident beam. 40 

splitting the light reflected or transmitted by 
said sample into at least a first output beam 
and a second output beam, said first output 
beam being incident on a first detector respon- 45 
sive to wavelengths of said sample identifying 
t>ands and said second output beam being inci- 
dent on a second detector responsive primarily 
to tile wavelengths of said liquid carrier absorp- 
tion bands. 50 
whereby the output of said second detector is 
used to correct for variations in the effective 
pathlength of said sample. 

36. An apparatus for correcting for variations in the ss 
effective patiilength of a sarrple having at least one 
spectral region in which the absorption of the liquid 
carrier dominates comprising 



a sample illuminating device for illuminating 
said sanple vwth broad spectrum radiation; 

a beam splitter for splitting light reflected or 
transmitted by said sample into at least a first 
output beam, and a second output beam. 

a first detector responsive to the wavelengths 
of said sample identifying bands in said first 
output beam, and 

a second detector responsive to the wave- 
lengths of said water absorption bands in said 
second output beam, 

wheretjy tiie output of said second detector can 
be used to correct for variations in the effective 
pathlength of said sample. 

Claims 

1- A method of detecting the concentration of a con- 
stituent of interest in a sample in a liquid carrier 
comprising the steps of : 

illuminating a sample with a light source; 
splitting the beam reflected or transmitted from 
said sample into at least two parts; 
directing one part of said beam onto a first 
detection means and a second part of said 
beam onto a second detection means, said 
second detection means being arranged to 
provide an output which is a measure of the 
background component in the beam from the 
sample; and 

the output of said first and second detection 
means being paired so as to obtain a back- 
ground corrected measurement of the concen- 
tration of the constituent of interest. 

2. The method as claimed in claim 1 , in which: 

said second detection means comprises a filter 
which has a spectral absorption at the same 
wavelengths as said constituent of interest 
except corresponding to a much higher con- 
centration of said constituent of interest, 
whereby said constituent of interest has a neg- 
ligible effect on said second detector and the 
output of sakJ second detector is used to dis- 
criminate said sample from said background; 
the pairing of the outputs of said first and sec- 
ond detection means such as to obtain a meas- 
ure of the background of said system in a 
dynamic manner. 

3, The method of claim 2 wherein said fitter comprises 
a high concentration of said constituent of interest. 
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4. The method of daim 2 or 3 wherein by the use of 
said second detection means, the system is si^- 
stantiaily insensitive to variations in the intensity or 
quality of said light source 

5. The method of daim 2. 3 or 4 wherein said second 
detection means is optically insensitive to variations 
in concentration of said constituent of interest in 
said sample. . 

6. The method of any one of daims 2 to 5 wherein by 
the use of said second detection means, the sys- 
tem is optically sensitive to variations in said back- 
ground. 

7. The method of claim 1 and suitaWe for correcting 
for variations in the effective pathlength of a sample 
in a liquid carrier having at least one spectral 
region, in which: 

the first detector is responsive to wavelengths 
of sample identifying bands and said second 
detector is responsive primarily to tiie wave- 
lengths of said liquid cam'er absorption bands^ 



8. An apparatus for correcting for variations in the 
effective pathlength of a sample having at least one 
spectral region in which the absorption of the liquid 
carrier dominates comprising 
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a sample illuminating device for illuminating 
said sample witii broad spectrum radiation; 
a beam splitter for splitting light reflected or 
transmitted by said sample into at least a first 
output beam, and a second output beam, 35 
a first detector responsive to the wavelengths 
of sample identifying t>ands in said first output 
beam, and 

a second detector responsive to the wave- 
lengths of said water at^sorption bands in said 40 
second output beam. 

whereby the output of said second detector can 
be used to correct for variatbns in the effective 
pathlength of said sample. 
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